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Claims. 

This invention relates to novel ester composi 
tions and it is particularly directed to esters 
formed from adducts of various unsaturated 
acids, or their ester-forming derivatives, and low 
molecular weight, cyclic polymers of branched 
chain hexadienes. This application is a contin 
uation-in-part of our co-pending application, 
Serial No. 562,743, filed November 9, 1944, now 
Patent No. 2,468,769. 
We have discovered that the esters of aliphatic, 

aromatic or armoatic-aliphatic alcohols or their 
ester-forming derivatives with the adductS 
formed by reacting alphabeta-unsaturated 
alphabeta-dicarboxylic acids or their ester-form 
ing derivatives with low molecular weight, cyclic 
polymers of branched chain hexadienes having in 
the molecule a straight chain of five carbon 
atoms, are particularly useful compounds poS 
sessing a wide variety of unusual and unexpected 
properties. For example, they are valuable as 
plasticizers and tackifiers for elastomers of many 
kinds. Many of the esters, particularly those 
formed from unsaturated alcohols, have drying 
qualities which render them of outstanding value 
in coating and impregnating compositions. 
Others, as those formed from polyhydric alcohols, 
are actually resinous in character, and can readily 
be converted into high molecular Weight polymer 
esters of the "alkyd resin' type. In addition to 
the foregoing properties, the various esters of the 
present invention are effective biocides and as 
such are valuable ingredients in many insecticidal 
compositions. 
The low molecular weight, cyclic polymersmen 

tioned above are described in detail in our co 
pending application, Serial No. 562,051, filed No 
vember 4, 1944, now Patent No. 2,429,582, as well 
as in the aforesaid parent application, Serial No. 
562,743, and while reference is hereby made to 
said applications for a more complete disclosure 
on the score of the polymers, it may here be noted 
that one method of preparing the same is to poly 
merize a branch chain, 1,3-hexadiene, having a 
straight chain of five carbon atoms, in the pres 
ence of sulfur dioxide and of either oxygen or an 
oxygen-yielding compound as catalyst. The poly 
merization is preferably conducted at elevated 
temperatures, as 80 C. or above, and with a mix 
ture of hexadienes, as 2-methyl-1,3-pentadiene 
and 4-methyl-1,3-pentadiene. Preferred oxygen 
yielding catalysts for this purpose are such per 
oxides.as benzoyl peroxide, tertiary butyl hydro 
peroxide, and di- (tertiary butyl)-peroxide. An 
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appreciable yield of polymers may be obtained 
when only traces of peroxide are present. 
Amounts as Small as about 5 milli-equivalents of 
active oxygen per liter of liquid hexadiene may be 
Sufficient, though improved yields are obtained 
through the use of between 10 and 100 milli 
equivalents of active oxygen per liter of liquid 
hexadiene. The amount of sulfur dioxide em 
ployed may be varied over a wide range, though 
it is preferred to use at least one mol of this com 
pound per Ino of hexadiene reactant, 
The low molecular weight polymers can also be 

produced by the thermal cracking of one or more 
di-methyl-Sulfolenes. The latter compounds are 
Cyclic mono-sulfones which are obtainable by re 
acting in the liquid phase one or more of the 
aforedesignated hexadienes (preferably peroxide 
free) with Sulfur-dioxide, in the substantial ab 
Sence of molecular oxygen and of oxygen-yield 
ing Substances, the reaction being conducted at 
an elevated temperature which is below that at 
which the mono-Sulfones formed are decomposed. 
Temperatures in the neighborhood of 100° C. are 
generally Suitable. This method of preparing 
cyclic mono-Sulfonies is described in U. S. Patent. 
No. 2,420,834, issued May 20, 1947, and forms no 
part of the present invention. Typical, suitable 
Cyclic mono-Sulfones which may be employed in 
this manner are 2,2-dimethyl-3-sulfolene, 2,4-di 
methyl-3-sulfolene and 2,5-dimethyl-3-sulfolene. 
The term "sulfolene' is employed herein to desig 
nate the unsaturated compound containing four 
carbon atoms and a sulfur atom in a ring, said 
structure having a single olefinic linkage between 
two adjoining carbon atoms, with the sulfur atom 
having two oxygen atoms attached thereto and 
With the remaining free bonds of the nuclear car 
bon atoms being attached to hydrogen atoms. 
The term is normally prefixed by either 2- or 3 
So as to indicate the position of the double bond. 
This compound has also been termed “thia cyclo 
pentene-1,1-dioxide.' In accordance with well 
recognized nomenclature practice, the term 2- or 
3-sulfolene may also form a part of the name of 
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particular compounds wherein one or more of 
the hydrogen atoms attached to the carbon-sulfur 
nucleus of the cyclic sulfone compound are sub 
stituted by a corresponding number of other func 
tional groups in the numbered position of the ring 
indicated in the case of each particular com 
pound. . . . . ". . . 
The crude product obtained either from the 

designated monomeric hexadienes by polymeri 
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zation in the presence of sulfur dioxide and of 
oxygen or oxygen-yielding substances, or by the 
cracking of dimethyl-sulfolenes, is a yellow vis 
cous liquid consisting principally of a mixture of 
low molecular weight polymers of the hexadienes. 
It may contain a very small amount (a trace) of 
sulfur-containing impurities and of unreacted 
hexadienes. These impurities can be removed 
and a stable, more uniform product obtained 
simply by maintaining the polymers at an ele 
wated temperature, desirably 2008 to 225°C., pref 
erably under atmospheric or reduced pressures. 
Heating for 2 to 4 hours is ordinarily satisfactory, 
although shorter or longer periods may be em 
ployed. The thus purified mixture of polyner's 
gives a negative test for sulfur and sulfur-con 
taining compounds. The mixture of polymers 
may be separated into several fractions by distill-.. 
lation, preferably under reduced pressures, or by 
other methods such as solvent extraction, etc. 
Fractions boiling below about 380° C. under at 
mospheric pressures consist principally of dimers, 
trimers and tetramers (which contain cyclic 
structures), of the hexadienes. Approximately 
52% of the polymer substance boils above about 
490° C. under atmospheric pressures and consists 
essentially of a mixture of polymers the average, 
or apparent molecular Weight of which is Sub 
stantially equal to that of a seven-unit polymer 
(having a polymerization degree of about Seven) 
containing in the molecule the structure 

-CH3 : CR, 
)g YoH-CH, 

of -CH-c: ' ('Es . . . . . . . . . . . . 

&H, i. 
This higher molecular weight fraction is obtained 
as a yellow, very viscous, sticky liquid, soluble in 
hydrocarbons. For most purposes the mixture 
of polymers need not be fractionated but may be 
employed as such. If desired, however, any frac 
tion or combination of fractions may be used in 
place of the whole mixture. 
The aforesaid hexadiene polymers may be re 
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more such unsaturated acid reactants (which 
term includes the acids, anhydrides, salts, esters 
and other ester-forming derivatives here de 
scribed) may also be employed. For technical 
and economic reasons maleic anhydride is the 
preferred reactant. 
The amount of alphabeta-unsaturated-alpha, 

beta-dicarboxylic acid which may be reacted with 
the low molecular Weight cyclic hexadiene poly 
mers may be varied over a wide range. The 
properties of the polymers are significantly al 
tered and valuable products are produced where 
ratios as small as about one mol of alphabeta 
unsaturated-alphabeta-dicarboxylic acid are em 
ployed for each about 120 carbon atoms of 
polymer, i. e., for each 20 hexadiene units com 
bined in the polymer. Such products have im 
proved body, faster drying and/or high oil solu 
bility. Ratios as high as about one molecule of 
dicarboxylic acid to each hexadiene unit may be 
employed. The reaction may be carried out in 
a simple manner by merely intimately mixing 
the cyclic polymer and the alphabeta-unsatu 
rated-alpha,beta-dicarboxylic acid and heating 
the mixture, under atmospheric pressures. If de 
Sired, one or both of the reactants may be added 
portion-wise to the reaction mixture at intervals. 

Ordinarily not necessary. Under most conditions. 
no appreciable reaction occurs attemperatures 
below about 175 C., although such lower tem 

I peratures may be suitable in some cases. Tem 
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dinarily Satisfactory, although superatmospheric 

'... vided. Gaseous oxygen maybe prese 
acted with substantially any alphabeta-unsatu 
rated-alphabeta-dicarboxylic acid or ester-form 
ing derivative thereof in order to produce the , , 
polymer-acid adducts from which the ester com 
pounds of this invention are prepared. Rela 
tively low molecular weight unsaturated acids 
having not more than about 8 carbon atoms in 
the molecule are preferred because of their 
greater reactivity. However, where the speed of 
reaction with the polymers is not of primary 
importance higher acids may be employed. It 
has been found that the most useful adducts are 
produced from acid reactants or their derivatives 
having at least one hydrogen atom attached 
directly to the alpha, or beta carbon atom. In 
the case of compounds having a “cis' configura 
tion with respect to the carboxyl groups, it is pre 
ferred to use the acid anhydrides, rather than 
the acids themselves or other derivatives...thereof. 
Representative examples of preferred acid anhy 
dride reactants are maleic anhydride, monochlo 
romaleic anhydride, citraconic anhydride, ita 
Conic anhydride, and the like. The correspond 
ing acids of the foregoing anhydrides, or other 
acids such as fumaric acid, acetylenedicarboxylic 
acid, etc., as well as the salts, esters and other 
ester-forming derivatives of these and like com 
pounds may be employed... Mixtures of two or 

60 
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Where the reaction is c 

... Such as nitrogen, carbo 

be separated fr 

purification maybe effected by solvent extraction 

peratures of between about 175° C. and about 
200° C. are preferred. Higher temperatures ordi 
narily cause discoloration of the product, par 
ticularly where oxygen is present during the reac 
tion. However, where light color is not of pri 
mary consideration, temperatures as high as 
about 300° C. may be employed. The reaction 
may be carried out, in a continuous or discon 
tinuous manner. Atmospheric pressures are or-. 

dreduced preSSures may be employ 
may be advantageous 

pheric pressures reflux conditi 
t, although 

products of somewhat improved color may be 
obtained by excluding oxygel 
providing-the-reactionmi 
an oxygen-free fluid, 

required for the reaction is de pon the 
particular reactants involved, the reaction ten 

be required. The prefe 
where the initial reaction m 
tially only of cyclic polymers and 
reactants is to continue he 
obtained which on coo 
phase. . . 
Following the rea the addi 

the cyclic polymers, with the acid reac 
h 

reaction mixtur 
Way d 
distillation, 

and the like... 
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The above-described polymer-acid addition ployed here, as will be discussed more fully in 
products employed in forming the esters of this Subsequent portions of this description. 
invention vary in viscosity from readily mobile The radical Which is associated with the ad 
liquids to hard, brittle solids, depending prin- duct to form the ester of this invention may be 
cipally upon the nature and the proportions of of either the aliphatic, aromatic or aromatic 
the reactants. In the case of the reaction of aliphatic type and can be derived, as stated 
maleic anhydride with an unfractionated mix- above, from an alcohol or any ester-forming 
ture of low molecular weight cyclic hexadiene derivative thereof. Examples of Suitable es 
polymers Such as may be obtained by the crack- terifying radicals are methyl, ethyl, propyl, iso 
ing of a dimethyl-sulfolene or by the reaction of 10 propyl, normal butyl, isobutyl, secondary butyl, 
a suitable hexadiene under the designated con- tertiary butyl, normal pentyl, isopentyl, second 
ditions, the influence of the relative proportions ary pentyl, hexyl, normal octyl, isooctyl, nor 
of anhydride and polymer in the adduct upon mal decyl, isodecyl, dodecyl, tetradecyl, cetyl, 
the properties thereof is shown in the follow- stearyl, trimethyl octadecyl, allyl, methallyl, 
ing table: l, crotyl, ethyl vinyl carbinyl, butenyl, pentenyl, 

Reactants Polymer-Acid Adduct 

exa- Solubility 
Eig 3r -- nny- CO 
dride bined in Viscosity 
(mols) polymer) In Dilute Akali In Mineral Oil 1 

(nols) 

2 Hard Solid-------- Readily soluble.------ Slightly soluble. 
3 ----- do----------- Soluble---------------- Do. 
4 Tacky Solid------------ do----------------- Soluble. 
10 Wiscous liquid.... Slightly soluble------- Readily soluble. 

1 Water-white mineral oil consisting principally of saturated aliphatic hydro 
carbons, 

Representative analyses show that the above hexenyl, propargyll, geranyl, oleyl, phenyl, naph 
addition products correspond to the formula, thyl, anthyl, tolyl, xylyl, secondary butyl-naph 
C (C6H10) yC4H2O31x, whereiny represents the ratio thyl, dipropyl-naphthyl, benzoyl, naphthyl-butyl, 
of hexadiene monomer units to each mol of phenethyl, vinyl-phenyl, crotonyl - naphthyl, 
maleic anhydride in the adduct, and X is that 35 methallyl-phenyl, triallyl-naphthyl, naphthylal 
number which, when multiplied by y, gives as lyl, 2-phenyl-ethenyl, phenyl vinyl carbinyl, 
product the number of hexadiene monomer units cyclopentyl, ethyl-cyclohexyl, tributyl-cyclohex 
in the molecule. Knowing the molecular Weight yl, cyclopentenyl, cyclo-hexenyl and vinyl cyclo 
(MI) of the polymer (or its average molecular hexenyl. These radicals may be Substituted. With 
Weight), and the number of hexadiene monomer 40 other elements or groups, as the halides, which 
units remaining the same in both polymer and do not interfere With the desired esterification 
adduct molecules (averaging about 7.5 With un- reaction. 
fractionated polymer mixtures), then X is equal Esters in which some or all of the carboxyl or 
to equivalent groups in the polymer adduct are 

45 esterified with alkyl, aryl, or aralkyl groups, as 
M ethyl, phenyl, or ethylphenyl, are particularly 
82y valuable as biocides, though they are also useful 

as plasticizing compositions, and as organic in 
termediates. where 82 is the molecular weight of hexadiene. 

Conversion of the polymer-anhydride addition 50 
products to the acid form may be effected read 
ily by heating a solution of the anhydride prod E. in SE aqueous alkali for YES E. radicals. Polymerizable esters of this type in 
followed by acidification and recovery of the pre clide those in which the adducts are esterified cipitated acid product. Other methods will be 55 With ally-type chos (compounds having a 
obvious to those skilled in the art. double bond of aliphatic character between two 
The ester compounds of the present invention carbon atoms one of which is attached to a sat 

are produced by known esterification procedures rated on to Which in turn is attached employing as reactants the polymer-acid adducts to an alcoholic hydroxyl group as represented 
of the type described above and an appropriate 60 by alyl alcohol methalyl alcohol, chloroallyl al 
alcohol or equivalent ester-forming compound. cohol, or crotyl alcohol. With propargyl-type al 
Alcohols are the preferred class of compounds for cohols (compounds having a triple bond of ali 
Supplying the desired radical necessary to the phatic character between tWO carbon atoms One 
formation of an ester with the adduct and may of which is attached to a Saturated carbon atom 
be employed when said adduct incorporates 65 which in turn is attached to an alcoholic hy 

Other useful ester compounds of this inven 
tion are these wherein the adducts are combined 
With One or more of various unsaturated alcohol 

either acids, acid anhydrides, acid chlorides, or droxyl group) as represented by propargyl al 
even esters (the desired ester here being formed cohol, etc.; or With vinyl-type alcohols (com 
by the mechanism of ester interchange). How- pounds having a double bond of aliphatic char 
ever, other compounds can be employed instead acter between two carbon atoms one of which is 
of alcohols to form the desired esters, alkyl 70 attached to an alcoholic hydroxyl group) as rep 
halides, for example, reacting with the adducts resented by vinyl alcohol, propen-1-ol-2, etc. 
formed from the polymer described above and Many of these unsaturated esters are useful as 
an acid salt to form the desired ester. Those plasticizers and tackifiers for elastomers gen 
conditions which have been found conducive to erally, but particularly for natural and Synthetic 
esterification reactions in general may be em- 75 rubbers. Others have drying properties, which 
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render them valuable ingredients in coating and 
impregnating compositions. Further, these un 
Saturated esters are capable of being readily 
polymerized into resinous polymers of high no 
lecular Weight, this polymerization reaction gen 
erally going forward on the application of heat 
and optionally in the presence of a catalyst, 
Preferred catalysts for this purpose are peroxides 
as, for example, benzoyl peroxide, acetyl peroxide, 
bonzoyl acetyl peroxide, tertiary butyl perben 
ZOate, tertiary butyl hydroperoxide, di- (tertiary 
butyl) peroxide, peracetic acid, or the like. Such 
high molecular Weight esters of this invention, 
besides having many of the useful qualities of 
the low molecular weight esters, are themselves 
useful plastic compositions. 
The polymer-containing adductS may also be 

reacted with polyhydric alcohols to produce com 
pounds known as "polyesters.' Representative 
polyhydric alcohols which are Suitable for this 2 
purpose are glycol, diethylene glycol, triethylene 
glycol, propylene glycol, butylene glycol, glycerol, 
diglycerol, pentaglycerol, pentaerythritol, poly 
pentaerythritols, and polyhydric alcohols pro 
duced (actually or theoretically) by the polymer 
ization of unsaturated aliphatic alcohols, as allyl 
alcohol, or by the hydrolysis of a suitable poly 
hydric alcohol derivative. Thus, polyvinyl alco 
hol and polyallyl alcohol may be produced fronn 
the corresponding esters, acetals and the like. 3 
Instead of, or in addition to, polyhydric alcohols 
there may be used ester-forming derivatives 
thereof such as the corresponding epoxides, e. g., 
glycidol, epichlorohydrin, and the like. 
In forming polyesters, it has been found that 

with adducts wherein the proportion of acid or 
anhydride to polymer is unusually high, gelling 
occurs before the esterification process is Con 
plete. Accordingly, in producing the polyester 
compounds of this invention it is preferable to 
make use of adducts containing no inore than 
about 7% by weight of combined dicarboxylic 
acid, the range of from 4% to 7% being preferred. 
In other respects, no limitation need be placed Ol 
the ratio of either the components of the vari 
ous reactants or upon the reactants themselves. 
Preferably, however, the esters of the present in 
vention are produced under Such circumstance3 
that no excess of the alcohol or equivalent ester 
forming compound remains in the final ester { 
product. The foregoing polyesters, in addition 
to having valuable plasticizing and insecticidal 
properties, are particularly well adapted for con 
version into high molecular weight polyesters of 
the type known as “alkyd resins.' Alkyd resins 
can be produced from low molecular weight poly 
esters by heating the latter, preferably in the 
presence of a catalyst such as a Suitable metal 
oxide, e. g., zinc, magnesium, or calcium oxide, 
or a finely divided metal, e. g., zinc or iron; a 
suitable liquid catalyst, e. g., furfural, or its de 
rivatives and equivalents (methyl furfural, phe 
noi methylfurfural, fulfur-acetone), or a phenol 
formaldehyde condensation product. The resin 
can be produced in the fusible Stage and, if de 
sired, be subsequently infusibilized as by the fur 
ther application of heat. The alkyd resins of this 
invention are of great value in the nanufacture 
of plastic coating coin}ositions, and the like, and 
many of them are rubbery in character. 
The proportions in which the adduct and alco 

hol reactants are combined to form the esters of 
the present invention are not critical, though it 
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is preferred that the reaction be conducted under 7 
kettle. 

8 
such circumstances that the resulting product 
contains the maximum possible number of ester 
linkages. This result may best be obtained by 
conducting the reaction in the presence of an ex 
cess of the alcohol (or its equivalent ester-form 
ing compound), with any excess of alcohol being 
removed at the end of the reaction. 
The esterification reaction may be executed in 

the presence or absence of a catalyst. Suitable 
promoters or catalysts Winich may be used to ac 
celerate the rate of esterification are the strong 
mineral acids such as H2SO4, H3PO4, H2S2O7, 
HPO3, HCl, HBr, HAP2O7, HClO3, HClO4, HNO3, 
and the like. Mineral acid substances of the 
type of SO2Cl2, SOCl2, SOBr2, NO2, N2O3, NOCl, 
PCl3, PCl5, and the like may also be employed. 
Inorganic acid-acting salts such as ZnSO4, ZnCl2, 
ZnBr2, FeCl3, AlCl3, COCl2, NiCl2, Fe2(SO4)3, 
Al2(SO4)3, NaHSO4, NaH2PO4, and the like may 
also be used. Organic acid-acting compounds 
Such as benzene Sulfonic acid, p-toluene sulfonic 
acid, and their homologues and analogues, dialkyl 
and acid alkyl sulfates, alkylated phosphoric acid 
and sulfonic acids, etc., may also be employed 
alone or in combination with any of the above 
mentioned or other suitable Substances as cata 
lysts for the esterification reaction. 
The esterification reaction may be executed in 

any number of WayS. One method of esterifica 
tion comprises heating the adduct in contact with 
the alcohol, preferably in a suitable reaction ves 
sel equipped with agitating means. The react 
ants Inay be introduced into the reactor sepa 
rately, or they may be mixed prior to their intro 
duction thereinto. in many cases it is desirable 
to effect the esterification by heating the react 
ants at about the boiling temperature of the re 
action mixture and at approximately atmospheric 
preSSure, though in Some instances the use of 
Super-atmospheric pressures and/or higher ten 
peratures may be found to Speed up the reaction. 
The rate of esterification may be increased and 

the occurrence of undesirable side reactions de 
creased by operating in Such a manner that the 
water formed as the result of the esterification 
is removed from the reaction mixture substan 
tially as Soon as it is formed. In some instances 
this removal may be effected by allowing the 
process to take place at a temperature sufficiently 
high to permit distillation of the water from the 
reaction mixture, though a preferred method is 
to add an azeotrope-forming agent such as ben 
Zene or other inert hydrocarbon. 
The following examples illustrate the mainner 

in which the present invention finds preferred 
embodiment: 

EXAMPLE 

fiexadiene polymer was produced by placing 
904 parts of 2,4-dimethyl-3-sulfolene (prepared, 
for example, by a practice of the method set 
forth in detail in either of Examples WI or VII 
of the aforementioned U. S. Patent No. 2,420,834) 
in a glass reaction kettle under a water-cooled 
reflux condenser which was open to the atmos 
phere and the kettle was heated slowly. When 
the kettle temperature reached 87° C. decompo 
Sition of the Sulfone was evident. The tempera 
ture was thereafter regulated to provide for the 
decomposition of the sulfone at such a rate that 
the Sulfur dioxide evolved did not sweep any 
of the reactant or other products out of the 

Evolved sulfur dioxide was discarded. 
At the end of three hours, when the decomposi 
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tion was substantially complete, the tempera 
ture had reached 151° C. Heating was con 
tinued for an additional four hours, the tempera 
ture being raised gradually to 191° C. The resi 
due, 494 parts, was a crude mixture of low mo 
lecular weight polymers, containing 0.006% of 
sulfur. The polymer was stabilized and puri 
fied by heating in an open vessel exposed to the 
air at 200-225° C. for four hours. No Sulfur 
could be detected in the purified polymer. In 
order to obtain a polymer-anhydride adduct 
suitable for conversion into the ester form, a 
mixture of 250 parts of the hexadiene polymer, 
produced as described above, and 299 parts of 
maleic anhydride were heated under a blanket 
of nitrogen with constant stirring for 22 hours 
under atmospheric pressures. On cooling, the re 
action mixture separated into two phases. The 
mixture was then heated for another 4 to 5 hours 
at 180° to 185° C., following which the reaction 
mixture on cooling consisted Of Only One phaSe. 
The reaction mixture was washed with hot Water 
to remove unreacted maleic anhydride and then 
dried by heating at a relatively low temperature 
under reduced pressure. A yield of 387 parts of 
product having the composition 

was obtained. The product was soluble in di 

10 
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30 
lute alkali and slightly soluble in light, Saturated 
mineral oil. 
The foregoing addition product was then es 

terified with ethyl alcohol in the following nan 
ner: To a glass kettle attached to a separating 
head was charged a mixture of 156 parts of the 
addition product, 244 parts of benzene, 258 parts 
of ethyl alcohol, and 2 parts of para-toluene Sul 
fonic acid. The mixture was refluxed for 76 hours 
during which time 19 parts of Water Were re 
moved. The mixture was then washed with Water 
and excess ethyl alcohol and benzene Were re 
moved under vacuum. The product was a Viscous 
liquid having the approximate composition 

(C5H10) 2. (CHCOOC2H5)2x 

It was found to have particular value as a plas 
ticizer. 

EXAMPLE I 

A maleic anhydride-polymer adduct was pro 
duced in the manner described above in Example 
I except that here the proportion of polymer to 
anhydride was such that the resulting addi 
tion product had the approximate composition 
(C6H10)3C4H2O31x. A mixture of 110 parts of 

the latter compound with 34 parts of diethylene 
glycol was then placed in a glass reaction kettle 
and stirred at atmospheric pressure in the pres 
ence of air for one hour and 5 minutes, the ten 
perature being gradually increased from an in 
itial value of about 55° C. at the start of the re 
action to about 256° C. at its finish. The reac 
tion product at 256° C. was a soft, dark Solid 
having thread-forming properties and the prop 
erties of alkyd resins generally. Approximately 
10% of the reaction product was soluble in a 
mixture of equal parts by volume of toluene and 
amyl acetate, 

EXAMPLE III 

An alkyd resin was produced in accordance With 
the procedure outlined in Example II except that 

40 
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10 
in this case glycerol Was employed instead of di 
ethylene glycol, and the final reaction tempera 
ture was 2.48° C. The resulting product, when 
cooled to room temperature, was a moderately 
hard Solid, which Was more than 10% soluble in 
a mixture of equal parts by Volume of toluene and 
amyl acetate. 

EXAMPLE IV 

An unSaturated ester composition is produced 
by reacting the adduct of Example I with meth 
allyl alcohol, the reactants being employed in 
the ratio of one part of the adduct to 2.5 parts 
of the alcohol. The resulting ester has the ap 
proximate composition 

((CH10). (CHCOOC.Hidal: 
and proves useful as a component of Various 
paints. The product is polymerized into an in 
soluble material on further heating in the press 
ence of benzoyl peroxide. 

Molecular weights referred to herein were de 
termined according to the method described by 
B. J. Mair in the Bureau of Standards Journal 
of Research, 14, 345 (1935). The term 'unsatu 
rated' as used herein refers to carbon-to-car 
bon unsaturation of aliphatic character. 
We claim as our invention: 
1. An ester of a compound selected from the 

group consisting of the lower oxy-substituted 
alkyl alcohols, the lower alkyl monorhydric alco 
hols, the lower alkenyl monohydric alcohols, and 
the low oxy-substituted alkenyl alcohols with an 
addition product made up of a compound selected 
from the group consisting of alphabeta-unsatu 
rated-alpha,beta-dicarboxylic aliphatic acids and 
the anhydrides, salts and esters of Said acids in 
combination. With a low molecular Weight un 
saturated, cyclic polymer of a branch-chain. 1,3- 
hexadiene having a straight chain of 5 carbon 
atoms in the molecule. 

2. An ester of an alphabeta-unsaturated lower 
alkenyl alcohol with an addition product made up 
of a compound Selected from the group consisting 
of alphabeta-unsaturated-alphabeta-dicarbox 
ylic aliphatic acids and the anhydrides, Salts and 
esters of said acids in combination. With a low 
molecular Weight unsaturated cyclic polymer of 
a branch-chain 1,3-hexadiene having a straight 
chain of 5 carbon atons in the molecule. 

3. The compound of claim 2 where the ester 
is polymerized to form a high molecular weight 
polymer. 

4. An ester of a lower alkyl polyhydric alcohol 
with an addition product made up of a compound 
Selected from the group consisting of alphabeta 
unsaturated - alpha,beta - dicarboxylic aliphatic 
acids and the anhydrides, Salts and esters of said 
acids in combination with a low molecular weight, 
unsaturated cyclic polymer of a branch-chain 1,3- 
hexadiene having a straight chain of 5 carbon 
atoms in the molecule. 

5. An ester of ethyl alcohol with an addition 
product formed between maleic anhydride and a 
loW molecular Weight, unsaturated cyclic poly 
mer of a branched-chain. 1,3-hexadiene having a 
Straight chain of 5 carbon atoms in the molecule. 

6. An ester of diethylene glycol with an ad 
dition product formed between moleic anhydride 
and a low molecular Weight, unsaturated cyclic 
polymer of a branched-chain 1,3-hexadiene hav 
ing a straight chain of 5 carbon atoms in the 
molecule. 
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7. An ester of glycerol with an addition prod- REFERENCES (CTED 
luct formed between naeic anhydride and a low The following references are of record in th 
rolecular Weight instrated cyclic polymer file of thispatentor the originalpatent: 
of a branched-chain 3-hexadiene having a 
straight chain of 5 carbon atoms in the molecule. 5 UNITED STATES PATENS 

RUPERT C. MORRIS. Number Nanne Date 
JOHNL. WAN WINKLE, 2,468,769. Morris -------------- May 3, 1949 

  


